A retrospective histologic study of 12 canine and eight feline epithelial odontogenic tumors and cysts was conducted from oral masses (n = 3,9 17) obtained between 1980 and 1990. No sex or breed predilection was identified. Ameloblastoma was observed in two dogs (case Nos. 1, 2) 6 and 8 months of age. Calcifying epithelial odontogenic tumors were seen in a dog (case No. 3) and in two cats (case Nos. 4, 5) between 8 and 16 years of age. Ameloblastic fibroma (or fibroameloblastoma) was observed in cats (case Nos. 6-10) only. Inductive fibroameloblastoma was observed in four cats (case Nos. 6-9) up to 1 year of age, whereas ameloblastic fibroma was seen in a 14-year-old cat (case No. 10). A single ameloblastic odontoma was identified in a 20month-old dog (case No. 11). Two complex odontomas occurred in a 6-month-old (case No. 12) and a 4-yearold (case No. 13) dog. Odontogenic cysts were identified in five dogs (case Nos. 14-1 8) aged 4.5 months to 16 years and in a 1 -year-old cat (case No. 19) and have not been previously reported in these species. These cysts were lined by a stratified epithelium reminiscent of the appearance of ameloblastic epithelium. An odontogenic keratocyst with prominent central parakeratotic keratinization was identified in one 9-year-old female dog (case No. 20). Almost all epithelial odontogenic tumors were circumscribed, benign tumors that warranted a good prognosis for survival, although local recurrence may have followed (or may follow) incomplete excision. Calcifying epithelial odontogenic tumors may be locally invasive. Of six odontogenic cysts (case Nos. 14-1 9), two (case Nos. 15, 18) gave rise to basi-squamous carcinomas. The classification and behavior of epithelial odontogenic tumors and cysts in human beings, dogs, and cats are discussed.
Because epithelial odontogenic tumors are uncommon in domestic animals, few veterinary pathologists acquire confidence in their histologic diagnosis. Accurate diagnosis is an indispensable step, however, towards appropriate management of the case. In human beings, there have been numerous attempts at classifying odontogenic tumors. In 1958, Pindborg and Clausen provided a logical approach to the problem of tumor ~1assification~~J~ by proposing a scheme based upon the inductive activity encountered in tooth em-bryogene~is.~~ Pindborg's scheme is still favored by the World Health Organization (WHO) in the classification system for tumors in human being^,^^,^^ although now WHO does not strictly divide these neoplasms into inductive and noninductive types. Gorlin's adaption of Pindborg's scheme has been used to classify similar lesions in animals. L3,14,24, 38 This classification of odontogenic tumors in animals is based upon both medical and veterinary terminologies. The underlying principle is the initiating role that the epithelium of the enamel organ has on the development of the odontogenic mesenchyme during the early stages of tooth embryogenesis.13J4~3L~34,38 Accordingly, some tumors, such as ameloblastic fibroma and the odontomas, are also grouped under the broad generic name of "epithelial odontogenic tumors." Two broad groups of epithelial odontogenic tumors are recognized: tumors lacking inductive properties on connective tissue and those having inductive properties on connective tissue. Ameloblastoma and calcifying epithelial odontogenic tumor are considered noninductive. In contrast, ameloblastic fibroma, dentinoma, ameloblastic odontoma, complex odontoma, and compound odontoma have inductive influence on the oral mesenchyme. All types of odontogenic tumors, except dentinoma, have been described in the veterinary l i t e r a t~r e .~~ A variety of odontogenic cysts recognized in human beings are classified according to their morphologic appearance and site of origin. Among these are the primordial cyst or keratocyst,17,30 dentigerous or follicular cyst, inflammatory radicular ~y~t ,~~,~~ and calcifying odontogenic cyst or Gorlin cyst.12J8 Although they have been produced experimentally in rhesus monkeys, radicular cysts rarely arise spontaneously in animals. 22 Dentigerous cysts are reported occasionally in sheep, pigs, and horses, and there are descriptions of isolated cases in a camel, a baboon, and a tree porcupine. 22 Odontogenic cysts have not been reported in dogs or cats. The pur-369 Vet Pathol295, 1992 poses of this paper are 1) to describe unusual types of odontogenic tumors and odontogenic cysts previously unreported in dogs and cats and 2) to report the results of a survey of epithelial odontogenic tumors in dogs and cats encountered over a 10-year period.
Materials and Methods
A retrospective study was performed on 19 biopsies of canine and feline oral masses submitted to the New York State College of Veterinary Medicine (Cornell University, Ithaca, NY) between 1980 and 1990. A total of 3,395 oral tumors in dogs and 522 oral tumors in cats were recorded during this 1 0-year period. An additional case (case No. 17) was brought to our attention from an outside laboratory, making a total of 20 lesions that were studied. Six epithelial odontogenic tumors (case Nos. 1-3 and 1 1-1 3), five odontogenic cysts (case Nos. 14-1 8), and one odontogenic kera- Table 1 . All tissues were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 5 wm, and stained with hematoxylin and eosin. Special stains (Congo red and periodic acid-SchiQ were used in some cases to substantiate the diagnosis. The epithelial odontogenic tumors and odontogenic cysts were reviewed and classified using an adaptation of Pindborg's ~c h e m e .~~~~-~~~~~~~~ For anatomic description, the mandible and maxilla were subdivided into an anterior part consisting of the incisor and canine tooth area and a posterior part consisting of the remainder of the jaw.
Ameloblastomas were observed in two cases. Case No. 1 was an 8-month-old female Siberian Husky that was presented with a multiloculated cystic mass associated with an ectopic tooth in the right anterior maxilla at the level of the canine tooth, and case No. 2 was a 6-month-old mixed-breed male dog with a 4-cm-diameter fluid-filled cyst that became evident in the maxilla at the time of eruption of the fourth premolar. Calcifying epithelial odontogenic tumors were diagnosed in three cases (case Nos. 3-5). Case No. 3 was a 16year-old female mixed-breed dog with a 1x 1.5x 1-cm soft mass in the left posterior jaw. Case No. 4 was a 13-yearold male American Domestic Shorthair cat that presented clinically with a fleshy ulcerated mass located in the posterior mandible. Case No. 5 was an 8-year-old male castrated American Domestic Shorthair cat with a bleeding mass located in the posterior maxilla. Ameloblastic fibroma was observed in five cats (case Nos. 6-10), of which four were a subtype designated "inductive fibroameloblastoma." These four cases occurred in cats 8 to 12 months of age and were located in the mandible (case Nos. 6, 9), in the anterior maxilla (case No. 8), or at a nonspecified site (case No. 7).
Ameloblastic fibroma, observed in a 14-year-old cat, was diagnosed in the anterior maxilla of case No. 10. A single ameloblastic odontoma was observed in a 20-month-old male mixed-breed dog (case No. 11). This tumor was a rapidly growing 4x 2-cm mass in the posterior mandible, surrounding the premolar and molar teeth, and involved the bone. Complex odontoma was diagnosed in the mandible of two dogs (case Nos. 12, 13): a 6-month-old female Beagle dog and a 4-year-old male Miniature Schnauzer (previously reported by Walsh3*). Odontogenic cysts were diagnosed in four 7-to 16-year-old dogs (case Nos. 14-1 7), in the anterior mandible of a 4.5-month-old female Great Dane (case No. 18), and in the posterior mandible of a 1 -year-old male Domestic Longhair cat (case No. 19) . Macroscopically, the odontogenic cysts were described as firm, fleshy "epulides" (case Nos. 14, 17), or fluid-filled cystic masses (case Nos. 18, 19) , which were sometimes pedunculated (case No. 16). One was reported by the referring veterinarian as an irregularly shaped cystic mass invading the maxilla (case No. 15). There was no apparent site, sex, or breed predilection for these cysts. An odontogenic keratocyst was diagnosed in a 9-year-old female German Shepherd Dog (case No. 20). The mass, described as 1.8 x 1.2 x 0.6 cm in size, white, hard, and covered by a smooth gingival epithelium, was located in the anterior maxilla.
Results
Tooth germ tumors were exceptionally uncommon, constituting only 19 of the 3,9 17 oral tumors obtained during this 1 0-year period. Similar information was not available for the single case (case No. 17) submitted for consultation. The neoplasms are described under the broad terms of inductive and noninductive types, although this distinction is not retained in the current WHO classification.
Noninductive tumors
Two types of tumors lacked inductive influence on the connective tissue. T h e first was the ameloblastoma (case Nos. 1, 2). Histologically, these neoplasms were nonencapsulated but well demarcated and consisted of multiple discrete branching epithelial islands separated by a moderate amount of edematous connective tissue ( Fig. 1 ). In case No. 1, the epithelial islands were characterized by peripheral palisading of tall, columnar preameloblasts with occasional polarization of their nuclei away from the basement membrane. The preameloblasts were sharply demarcated from the central stellate reticulum, which consisted of multipolar cells with inconspicuous to prominent intercellular spaces. Multifocal small areas of squamous metaplasia were present in the stellate reticulum. In case No. 2, the neoplasm was similar but showed cystic degeneration of the central stellate reticulum. Both neoplasms recurred 6 months after surgery. In case No. 2, a second ablation was performed, and no recurrence was observed in the ensuing 105 months.
The second noninductive tumor was the calcifying epithelial odontogenic tumor (case Nos. 3-5). Histologically, these neoplasms were nonencapsulated, poorly demarcated, and consisted of dense interconnected cords and lobules of pleomorphic odontogenic epithelial cells displaying marked variation in nuclear size. Occasional binucleate or trinucleate neoplastic cells were visible. Very few mitoses and a scant amount of stroma were present. The characteristic feature of this neoplasm was the presence of spherical accumulations of pale eosinophilic material either within the epithelial strands or within the stroma (Figs. 2 , 3 ) . This material stained positively with Congo red and had a green birefringence when viewed with a polarizing microscope. Calcification of these amyloid globules created concentrically laminated rings (Liesegang rings).
In case Nos. 3 and 5, some epithelial islands had central formation of stellate reticulum, reminiscent of that seen in the embryonic enamel organ. Occasional areas of squamous metaplasia and keratin formation were observed within the central stellate reticulum in case No. 5. In case No. 4, the tumor recurred 17 months after surgery, and the cat was euthanatized. Two months after surgery in case No. 3, there was no evidence of recurrence. No additional information could be obtained for case No. 5. 
Inductive tumors
Tumors with inductive features on the mesenchyme were more common. Ameloblastic fibroma, characterized by epithelial and mesenchymal proliferation as a manifestation of the inductive properties of the odontogenic epithelium, was observed in five cats (case Nos. 6-1 0). The ameloblastic fibroma consists of poorly organized and more or less diffuse mesenchymal induction around the epithelial islands. A subtype of ameloblastic fibroma is the inductive fibroameloblastoma characterized by well-formed cup-shaped epithelial structures that partially encircle stroma that resembles dental pulp (case Nos. 6-9). In cases 6-9, the neoplasms were not encapsulated but were well demarcated. The epithelial component of the neoplasm consisted of anastomosing strands, islands, and solid sheets of polygonal epithelial cells with the occasional formation of cup-shaped structures that resembled the enamel organ. The peripheral epithelial cells were tall columnar palisading preameloblasts with polarized nuclei located away from the basement membrane. With- in the central area of some epithelial islands, a stellate reticulum was formed. The mesenchymal component of inductive fibroameloblastoma was easily distinguished from the adjacent stroma by its circumscribed nature and the lack of collagen; it consisted of primitive, elongated cells proliferating in close association with the epithelial component and forming tightly woven nodules resembling the dental papilla of the cap stage of tooth development. Formation of odontoblasts was not observed within the epithelial cups ( Fig. 4) . In case No. 6, the neoplasm produced focal erosion of the alveolar bone, and the stroma had multiple areas of osseous metaplasia. Ameloblastic fibroma (case No. 10) is distinguishable from inductive fibroameloblastoma by less organized epithelial buds and more diffuse mesenchymal islands, which lack the typical cup-shaped structures of inductive fibroameloblastoma. Anastomosing rows and islands of epithelial cells with characteristics of odontogenic epithelium were surrounded by loosely arranged, whorling, spindle-shaped mesenchymal cells that were well demarcated from the collagenous gingival stroma.
Histologically, the single ameloblastic odontoma (case No. 11) was not encapsulated but was well demarcated and characterized by the simultaneous occurrence of soft and hard dental tissues. Approximately 20 different dental buds at various stages of differentiation recapitulated tooth development ( Figs. 5-8 ).
The dental lamina stage occurred as an epithelial ridge, which developed from the surface mucosa and grew into the underlying mesenchyme. Expansions of epithelial cells proliferated along the lateral borders of the dental lamina and formed the enamel organ. The cap stage was characterized by proliferation of the epithelial cells of the enamel organ, which resulted in a solid mass of cells covering a mesenchymal condensation representing the primordium of the papilla. The intermediate bell stage included a fully differentiated enamel organ surrounding the dental papilla and was divisible into inner enamel epithelium, characterized by tall columnar ameloblasts, central stellate reticulum, and outer flat or cuboidal enamel epithelium. More mature dental buds, with disorderly arrangement and frequent anastomoses, contained deposits of enamel and dentin. The stroma was composed of mature collagenous connective tissue. Four months after surgery, there was no evidence of recurrence.
Histologically, complex odontomas (case Nos. 12, 13) contained all the dental tissues, creating numerous oval structures but in a disorderly arrangement reminiscent of dental crowns that bore little resemblance to normal teeth (Fig. 9 ). The bulk of the mass consisted of tubular dentin and scattered multifocal areas of atubular dentin. The tubular dentin was a mixture of some regular dentin (which is characterized by parallel and regularly arranged tubules) and multifocal areas of globular dentin that had variably sized globules of hypomineralized calcospherites separated by irregular zones of lightly stained interglobular dentin. In addition, irregular small clefts were present within the dentinal tissue. In the center of the largest dentinal deposits there were remnants of the dental pulp with a peripheral layer of odontoblasts. A few layers of ameloblasts and a moderate amount of enamel were present be- The cup-shaped odontogenic epithelium from the enamel organ partially encircles the mesenchymal condensation that would be destined to become the dental pulp. HE. tween the dentin and epithelial layers. The relationships between the different dental components were not always conventional; for example, enamel could be seen surrounded by dentin. Surgical ablation was curative in both cases.
Odontogenic cysts
Six odontogenic cysts and one keratocyst were identified. Microscopically, the odontogenic cysts (case Nos. 14-1 9) were all single cystic structures within the gingival stroma lined either by a multilayered epithelium showing differentiation into enamel organ with tall peripheral preameloblasts and inner stellate cells or by stratified squamous epithelium with multifocal small anastomosing ingrowths of the basal layer (Figs. 10, 1 1). Occasional tall columnar cells lined the basal layer of the squamous epithelial wall. Towards the center of some cysts, large squamoid cells blended into a central zone of ghost cells admixed with proteinaceous material. The ameloblastic lining had occasional scattered areas of squamous metaplasia and dystrophic calcification of single cells within the central stellate reticulum. All cysts were well demarcated. Because neither Vet Pathol 295, 1992 Fig. 5 . Ameloblastic odontoma; dog, case No. 1 1. Note multiple anastomosing dental buds. HE. Fig. 6 . Ameloblastic odontoma; dog, case No. 1 1. A dental bud at the bell stage partially surrounds the primordium of the papilla. The enamel organ is fully differentiated, containing inner ameloblasts (a), central stellate reticulum (s), and outer cuboidal cells (c). HE. Fig. 7 . Ameloblastic odontoma; dog, case No. 11. A more mature dental bud shows differentiation of the peripheral mesenchymal cells of the papilla into odontoblasts (arrowheads). HE. Fig. 8 . Ameloblastic odontoma; dog, case No. 11. There is predentin and dentin formation on top of the more differentiated dental buds. Very delicate dentinal tubules are visible within the secreted matrix. HE. Fig. 9 . Complex odontoma; dog, case No. 13. The disorderly arranged mass of dentinal tissue consists predominantly of tubular dentin, containing globular (G) and lightly stained interglobular (I) dentin, with multifocal small areas of atubular dentin (A). There are remnants of dental pulp within some crowns (arrowhead). HE.
an association with a dental root nor the presence of an unerupted tooth were demonstrated, the diagnoses of radicular and dentigerous (or follicular) cysts were not supported. These cysts were diagnosed as odontogenic cysts on the basis of the ameloblast-like appearance of their lining wall. Initial incomplete removal resulted in recurrence of the lesion in case No. 17; although extensive surgical excision was subsequently performed, a mass recurred at the same location 1 year later but could not be further studied because the owner declined additional workup. Complete surgical excision was curative in case Nos. 14 and 16. In case No. 15, a locally aggressive basi-squamous carcinoma apparently arose from the epithelial lining of the odontogenic cyst and invaded the adjacent maxillary bone (Figs. 12, 13 ). This neoplasm involved the left maxilla from the level of the canine tooth to the second premolar tooth. The dog was euthanatized 6 months after the initial diagnosis of odontogenic cyst because of the development of the invasive carcinoma. In case No. 18, a basi-squamous carcinoma developed from the ameloblastic lining of the cyst and invaded the adjacent stroma. No additional information was available. The odontogenic keratocyst (case No. 20) was characterized histologically by a well-demarcated cyst wall lined by squamous epithelial cells with prominent keratinization (mainly parakeratotic) producing masses of keratin, which filled the cystic cavity. The tumor recurred after surgery but was unrelated to the death of the animal 6 months later.
Discussion
Epithelial odontogenic tumors are uncommon oral neoplasms in dogs, cats, and human b e i n g~.~J~J~,~~,~ Ameloblastoma is the least differentiated of the noninductive odontogenic tumors and as such leads to diagnostic difficulties and confusion. In human medicine, ameloblastoma is, by definition, an epithelial tumor arising within the jaws and, rarely, the gingiva. Because many noninductive epithelial tumors thus qualify as ameloblastoma, it has become necessary to catalogue a variety of subtypes. These subtypes reflect the various histologic patterns that may be observed and include follicular, plexiform, acanthomatous, basal cell, and granular cell types.L3J4,27 Several theories exist concerning the origin of the epithelium in ameloblastoma. It can arise from the basal epithelial layer of the oral mucous membrane or from the structures to which it gives rise during development: remnants of enamel organ, remnants of dental lamina (epithelial cell rests of Malassez), and the epithelial lining of a dentigerous Researchers using monoclonal antibodies to study the expression of cytokeratins and vimentin in these tumors have demonstrated that the different types of human ameloblastomas, despite their histologic differences, share a similar intermediate filament content with each other and with fetal odontogenic epithelium, and this intermediate filament content differs from that found in the basal cells of the oral mucosa.L6 These authors concluded that ameloblastomas are of odontogenic origin and are not direct derivatives of basal cells of the oral epithelium.16
In veterinary medicine, ameloblastoma may be an overdiagnosed tumor because it may be confused with the acanthomatous epulis. In 1979, Dubielzig et al.
described three types of epulides, or tumors of periodontal ligament origin, based on histologic criteria: fibromatous, ossifling, and acanthomatous epulis.* The acanthomatous epulis is distinguishable by the presence of interconnecting broad sheets of acanthomatous epithelial cells with central, prominent intercellular bridges and a peripheral palisaded layer perpendicular to the basement membrane. There is a gradual transition from the central, more loosely arranged epithelial cells to the outer layer of palisaded epithelium. Acanthomatous epulis lacks the abrupt transition from peripheral epithelium to central stellate reticulum that characterizes the relatively rare ameloblastoma. As opposed to the good prognosis warranted by the fibromatous and ossifying epulides, the acanthomatous epulis commonly recurs after excision and often invades the adjacent bone. Dubielzig and Thrall differentiated ameloblastoma from acanthomatous epulis on the basis of enamel inclusions and nonsquamous keratinization in ameloblastoma and periodontal ligament stroma in acanthomatous e p~l i s .~ In 1987, Bostock and White proposed a different classification of the canine "epulides" based on their supposed tissue of origin and biological behavior.2 They reclassified the fibromatous and ossifying epulides into a single entity, "peripheral odontogenic fibromas of periodontal ligament rigi in,"^ and separated them from the acanthomatous epulis and the ameloblastoma. The acanthomatous epulis was designated as a "basal cell carcinoma," derived from gingival surface epithelium. They reserved the diagnosis of "ameloblastoma" for tumors that have all the typical features of the enamel organ (peripheral palisading ameloblasts, central stellate reticulum), usually confined within bone and thus qualifying as central ameloblastomas, as opposed to peripheral tumors arising outside the bone.2 Because ameloblastomas and basal cell tumors have different biological behaviors, it is important to make a distinction between tumors with genuine ameloblastic differentiation, which are typically cystic and cause swelling and distortion of the jaw, and basal cell tumors. Bostock and White's basal cell tumors (acanthomatous epulides) occasionally mimic features of ameloblastoma by having areas of intercellular edema suggesting stellate reticulum or areas of squamous cell carcinoma by differentiating into keratinocytes. The divergent differentiation in basal cell tumors results in the numerous morphologic types of "ameloblastomas" described in the human litera-ture2' and may explain the probable overdiagnosis of ameloblastoma in veterinary medicine. Only those cases of central intraosseous neoplasms showing unequivocal ameloblastic differentiation have been designated "ameloblastomas" in this study. The diagnosis was based on the presence of characteristic epithelial islands or strands, consisting of peripheral palisading preameloblasts separated abruptly from a loose network of central stellate reticulum and found in a mature connective tissue stroma. Multifocal cystic degeneration or squamous metaplasia with keratinization may occur in the stellate r e t i c u l~m .~.~.~J~-'
5,20,23,24,27,38
Calcifying epithelial odontogenic tumors have been reported in dogs and c~~s .~J~,~~,~~,~~ In dogs, they have been described previously in two Poodles: in the mandible of an 8-year-old male and in an unspecified site of the gingiva of a 13-year-old female. 38 In the female Poodle, recurrence was observed 5 months after surgery. In cats, the ten cases reported (including our case Nos. 4 and 5) were in male cats, and the age of occurrence rangcd from 7 to 15 years, with an average age of 10.5 years. There appeared to be no site of predilection. L~19,33,36, 38 In two cases, surgical excision was curative,38 in two other cases, the neoplasm recurred after ~u r g e r y ,~~,~~ and in the last two cases additional information was not available.1,33 Calcifying epithelial odontogenic tumor is characterized by irregular anastomosing epithelial cords and islands, with frequent multinucleated epithelial cells fingering into a fibrous stroma. L,L3-15,18,26,27,36,38 The distinctive features of this tumor are the spherical amyloid-like deposits, which may undergo concentrically laminated calcification within the epithelial islands and stroma. In these deposits, electron microscopic and immunohistochemical evaluations reveal degraded lamina densa fragments that stain for type IV collagen and laminin.Lo, 29 Ameloblastic fibroma is the least differentiated of the inductive odontogenic tumors. 27 It has not been reported in dogs but has been described in a cat and a heifer.I4J4 Ameloblastic fibroma is recognized in the human and the veterinary literature13-15~24,27~38 as a neo-plasm of both the epithelial and mesenchymal odontogenic elements. Cords and islands of proliferating odontogenic epithelial cells, similar to those seen in ameloblastomas, are loosely embedded in irregularly shaped foci of mesenchymal cellular connective tissue that resemble the dental papilla. These mesenchymal foci, which differentiate this neoplasm from the ameloblastoma, are easy to distinguish from the surrounding mature stroma by their paucity of collagen. Odontoblasts, enamel, or dentin were not formed. The inductive fibroameloblastoma is a unique neoplasm of young cats and has no human equivalent. This subtype of ameloblastic fibroma demonstrates an arrangement of the epithelial fronds into cup-like structures that partially encircle discrete nodules of pulp-like mesenchymal s t r~m a .~.~?~~ In cats, including our case Nos. 6 and 7, nine cases of inductive fibroameloblastoma have been r e p~r t e d .~,~~,~~ All cases occurred in young animals, from 7 to 18 months of age, with an average age of 8.5 months. There seems to be no site, sex, or breed predilection. In human beings, ameloblastic fibroma occurs in young individuals, usually less than 2 1 years of age and is a benign neoplasm that does not recur following surgical excision.I3 Ameloblastic fibroma of human beings occurs in association with an embedded tooth in 50% of the cases; no reports of such associations have been made in veterinary medicine. In contrast to the odontomas, which are generally considered hamartomas (see below), ameloblastic fibromas are true neoplasms and have no tendency to evolve into more differentiated tumors (ameloblastic odontoma, complex or compound odontoma). In human beings, the predilection site for an ameloblastic fibroma (anterior jaw) is different from that of odontomas, and ameloblastic fibromas generally occur in individuals older than those with o d~n t o m a s .~~ The term "ameloblastic odontoma" is still used in veterinary pathology, whereas in human oral pathology it encompasses two entities: ameloblastic fibro-odontoma (which has the general features of ameloblastic fibroma but also contains dentin and enamel) and odontoameloblastoma (which resembles an ameloblastoma but with the formation of dentin and enamel).27 Because only one case of ameloblastic odontoma was seen in dogs and cats during the 10-year study period (case No. 1 l), it seems premature to apply in veterinary medicine the subdivisions used in human oral pathology for this lesion, but the single neoplasm observed most closely resembled the ameloblastic fibro-odontoma. In this case, the diagnosis was based on the concomittant occurrence of both soft (odontogenic epithelium and mesenchyme) and hard (dentin, enamel, and cementum) dental ~~s s u~s .~~,~~,~ No ameloblastic odontomas have been described in cats. In dogs, three previous cases have been reported: a 2-year-old male Boxer,21 a 2-month-old male Brittany Spaniel,21 and a 1 0-week-old female Springer Spaniel. 25 All of these lesions were located in the posterior part of the mandible or the maxilla. There was no recurrence following surgery in the Springer Spaniel. In the two other cases, no additional information was available. In human beings, this tumor occurs in children, is not invasive, and is sometimes encapsulated.13J4
Complex odontoma is considered a self-limiting h a m a r t~m a .~.~~ In human beings, it is observed in the posterior mandible or maxilla of young individuals (1 0 to 20 years ~l d ) .~J~-~~,~~ Complex odontoma has never been described in cats but two canine cases, previously described by W a l~h ,~~ were reviewed in this study. The diagnosis of complex odontoma relies on the presence of well-differentiated, but poorly organized, dental tissues that produce a disorderly histologic pattern. 13-15,24,27, 38 Compound odontoma is arbitrarily distinguished from complex odontoma based on the more orderly pattern of the dental tissues and the presence of well-formed "denticles" that have an anatomical similarity to normal teeth. [13] [14] [15] 24, 27, 38 No compound odontomas were observed during the period of this survey. Compound odontoma has not been reported in cats. Three canine cases have been previously reported in the posterior mandible of a 6-month-old Old English Sheepdog,35 in the posterior maxilla and posterior mandible of a 5-month-old female German Shepherd Dog,Il and in the posterior maxilla of a 10month-old Dalmatian.3 One dog was euthanatized at the time of the diagnosis,I1 and no additional information was available in the Old English Sheepdog. 35 In the third case, the odontoma gavc rise to an undifferentiated car~inoma.~ The last three entities (the ameloblastic, complex, and compound odontomas) form a spectrum and are not clearly separated from each other. Odontomas contain all components found in normal teeth during embryogenesis and show a range of phenotypic expressions. Complex and compound odontomas represent mature hamartomas rather than true neoplasms. Ameloblastic odontomas may represent immature hamartomas. Their occurrence in very young patients and in the same location as the complex and compound odontomas (posterior jaw) in both human beings and animals are arguments in support of the hypothesis that ameloblastic odontomas are less differentiated lesions that occur at an earlier age and in the same site as the more differentiated lesions. 32 The odontogenic cysts arise within islands of odontogenic epithelium. They are benign, nonneoplastic, circumscribed, cystic lesions lined by a multilayered epithelium that in some areas resembles ameloblastic epithelium because of the presence of peripheral tall columnar preameloblasts and the occasional differentiation into stellate cells in the more central areas of the cyst epithelial l i n i~~g .~~,~~ The abundant ortho-or parakeratotic keratinization of the cyst lining squamous epithelium is the most conspicuous feature that distinguishes the odontogenic keratocysts from the other types of odontogenic c y s t~. '~.~~ In human beings, ameloblastomas can arise from the epithelial lining of dentigerous and ameloblastic odontomas or complex odontomas are found in association with calcifying odontogenic cysts. 28 In some cases in animals, odontomas are associated with cysts.22 In case Nos. 15 and 18, the epithelial lining of the odontogenic cyst apparently underwent focal malignant transformation, giving rise to a basi-squamous carcinoma that infiltrated the surrounding stroma and, in case No. 15, the adjacent maxillary bone. One report3 mentioned the close association of an undifferentiated carcinoma with a compound odontoma in the posterior maxilla of a male Dalmatian approximately 5 years old. The compound odontoma had been incompletely surgically removed when the dog was 10 months old. The epithelial tumor was poorly differentiated, and there was disagreement as to whether the tumor arose from odontogenic or squamous epithelium. The basal cells lining odontogenic cysts or forming epithelial elements in odontogenic tumors apparently have the potential to undergo malignant transformation.
In animals, almost all epithelial odontogenic tumors warrant a good prognosis. None has ever been reported to metastasize. They remain localized in the mandible or the maxilla, where they cause swelling and distortion. Complete surgical excision is usually curative. There is one exception to this rule; the calcifying epithelial odontogenic tumor can be locally invasive. Odontogenic cysts, like the odontogenic tumors, are uncommon in animals. Despite a histologically benign appearance, they may give rise to malignant epithelial tumors such as basi-squamous carcinomas.
An international collaborative effort should be developed among pathologists in human and veterinary medicine to establish a unified nomenclature for odontogenic cysts and neoplasms in human beings and animals. This nomenclature might open new avenues for a better understanding of the histogenesis of these lesions, which would be beneficial to both disciplines. At this time, several points of divergence in the terminologies used remain unresolved, which renders the veterinary literature confusing to pathologists in human medicine and vice versa. Reconciliation between the human and veterinary classifications should be facilitated as more cases are diagnosed by veterinary clinicians and pathologists, more information is obtained on the biological behavior of these lesions, and more comprehensive studies are conducted on the pathogenesis and the developmental origill of these 17 Hormia M, Ylipaavalniemi P, Nagle RB, Virtanen I: different tooth germ cysts and neoplasms.
Expression of cytokeratins in odontogenic jaw cysts: monoclonal antibodies reveal distinct variation between different cyst types. J Oral Pathol 16: [338] [339] [340] [341] [342] [343] [344] [345] [346] 1987 18 Krolls SO, Pindborg JJ: Calcifying epithelial odontohistomorphologic variations. Arch Pathol 98:206-2 10,
